Cryoablation of renal cancer: variables involved in freezing-induced cell death.
The detection of renal tumors has increased significantly over recent years resulting in a greater demand for novel, minimally invasive techniques. Cryoablation has emerged as a valuable treatment modality for the management of renal cancer. In an effort to detail the effects of freezing in renal cancer, the human renal cancer (RCC) cell line, 786-O, was evaluated in vitro. 786-O cells were exposed to a range of freezing temperatures from -5 to -40 degrees C and compared to non-frozen controls. The data show that freezing to -5 degrees C did not affect 786-O cell viability, while -10 degrees C, -15 degrees C, and -20 degrees C results in a significant loss of viability (23, 70, and 91%, respectively). A complete loss of cell viability was evident at temperatures of -25 degrees C and colder. Following this analysis, variables involved in the success of cryoablation were investigated. For each of the temperatures tested, extended freeze hold times and passive thawing rates resulted in more extensive cell damage. Additionally, a double freeze-thaw cycle significantly increased cell death compared to a single cycle (62% vs. 22% at -10 degrees C; 89% vs. 63% at -15 degrees C, respectively). While these variables play an important part in the effective application of cryoablation, a molecular understanding of the cell death involved is critical to improving efficacy. Apoptotic inhibition afforded 12% (-10 degrees C), 25% (-15 degrees C), and 11% (-20 degrees C) protection following freezing. Using fluorescence microscopy analysis, the results demonstrated that apoptosis peaked at six hours post-thaw. Next, apoptotic initiating agents including 5-FU and resveratrol (RVT) applied prior to freezing exposure resulted in a significant increase in cell death compared to either application alone. Importantly, the combination of RVT and freezing was noticeably less effective when applied to normal renal cells. The results herein demonstrate the efficacy of freezing and describe a novel therapeutic model for the treatment of renal cancer that may distinguish between cancer and normal cells.